We examined the relationship between subepidermal moisture measured using surface electrical capacitance and visual skin assessment of pressure ulcers at the trunk location (sacral, ischial tuberosities) in 417 nursing home residents residing in 19 facilities. Participants were on average older (mean age of 77 years), 58% were female, over half were ethnic minorities (29% African American, 12% Asian American, and 21% Hispanic), and at risk for pressure ulcers (mean score for Braden Scale for Predicting Pressure Ulcer Risk of 15.6). Concurrent visual assessments and subepidermal moisture were obtained at the sacrum and right and left ischium weekly for 16 weeks. Visual assessment was categorized as normal, erythema, stage 1 pressure ulcer, Deep Tissue Injury or stage 21 pressure ulcer using the National Pressure Ulcer Advisory Panel 2009 classification system. Incidence of any skin damage was 52%. Subepidermal moisture was measured with a dermal phase meter where higher readings indicate greater moisture (range: 0-70 tissue dielectric constant), with values increasing significantly with the presence of skin damage. Elevated subepidermal moisture values co-occurred with concurrent skin damage in generalized multinomial logistic models (to control for repeated observations) at the sacrum, adjusting for age and risk. Higher subepidermal moisture values were associated with visual damage 1 week later using similar models. Threshold values for subepidermal moisture were compared to visual ratings to predict skin damage 1 week later. Subepidermal moisture of 39 tissue dielectric constant units predicted 41% of future skin damage while visual ratings predicted 27%. Thus, this method of detecting early skin damage holds promise for clinicians, especially as it is objective and equally valid for all groups of patients.
Annual estimated incidence of pressure ulcers (PUs) in nursing homes (NHs) ranges from 2 1 to 14%, [1] [2] [3] [4] with approximately 10% of persons having a PU at NH admission. 5 Stage 1 PUs account for up to 47% of all PUs in the elderly, many of which progress to open ulcers. [6] [7] [8] [9] For those hospitalized or in NHs, one-fourth of stage 1 PUs deteriorate to open ulcers in as little as 7 days. 7 As early as 1997, blanchable erythema alone was suggested by Schnelle et al. as a strong predictor of ulcers among NH residents. 10 It is considered an antecedent to visible pressure injury by the National Pressure Ulcer Advisory Panel (NPUAP) 11 and thus can be viewed as visible prestage I pressure damage. Additionally, failure of a PU to heal or improve has been associated with a higher death rate in NH residents. [12] [13] [14] PUs are costly in terms of dollars, suffering, and poor quality of life but often preventable if repeated instances of mechanical force can be lessened. [15] [16] [17] [18] [19] Thus, detection of early pressure induced tissue damage is important because early intervention may allow viable tissue rescue, lessening morbidity, and mortality.
NPUAP pressure injury classification relies on the level of visible tissue damage and skin discoloration. Stage 1 pressure-induced tissue damage is identified by nonblanchable erythema (i.e., redness) on intact skin. Stage 2 damage exhibits partial thickness skin loss with exposure of dermal tissues, unstageable and stages 3 and 4 ulcers involve visible full thickness damage of the dermis with deeper tissues visible, and deep tissue injury (DTI) presents on the skin surface as a blood filled blister or maroon/purple skin discoloration. 20 Thus, physical assessment for both stage 1 and DTI classification relies almost exclusively on observation of skin discoloration. As a consequence, accurate assessment of skin discoloration is necessary.
Visual assessment of skin for discoloration is somewhat reliable for individuals with light skin tones. [21] [22] [23] [24] [25] However, by the time nonblanchable erythema is evident, skin and tissue damage has already occurred at the muscle bony interface. 26, 27 In fact, blanchable erythema alone has been suggested as a strong predictor of open PUs among NH residents. 10 Among persons with dark skin tones, visual assessment is not at all reliable and fails to detect skin color changes. 5, 28, 29 Therefore, there is a clear need for nonvisual methods of alerting clinicians before visual skin damage is evident.
One such approach is surface electrical capacitance, which assesses subepidermal moisture (SEM) or the water in the epidermal and dermal tissues. In our prior studies, we demonstrated that a hand-held device for SEM measurement identified early skin damage (erythema or stage 1 PUs) at the sacrum and buttocks locations in NH residents, persons with dark skin tones, and persons with spinal cord injury. 25, [30] [31] [32] [33] Further among NH residents, SEM was higher (e.g., increased edema and inflammation) when skin damage was not visible at assessment but was detected as erythema or stage 1 PU 1 week later. 25, 30, 31 SEM values predicted 26% of the occurrences of such damage to the skin the following week. 30 This study builds on the prior work by purposively recruiting large enough numbers of NH residents across the spectrum of skin tones to allow comparisons of effectiveness. The specific aims for the study were:
(1) To describe the relationship of SEM to pressure induced tissue damage over sequential weeks in NH residents, including a focus on those with dark skin tones. 
METHODS

Subjects and setting
The University of California, Los Angeles, Human Subject Protection Committee approved the protocol. Nursing home administration also reviewed and approved the study as determined by facility guidelines. Research staff obtained written informed consent to participate in the current study from residents who were able to provide informed consent or from their designated representatives (for residents unable to provide consent) with assent obtained from the resident. Figure 1 shows the flow of participants for this study. Residents were recruited from 19 NHs in the greater Los Angeles area. The mean number of beds per facility was 102 (range 50-150). Using the overall quality of care rating from California's (http://www.calqualitycare.org/ providers/nursing-homes/nursing-homes) and the Centers for Medicare and Medicaid Services (https://www.medicare. gov/NursingHomeCompare) NH Compare websites, 17% of the study NHs (n 5 3) were rated poor, 22% (n 5 4) below average, 33% (n 5 7) average, 6% (n 5 1) above average, and 22% (n 5 4) superior.
Medical record data
At baseline, research staff extracted medical and demographic information from all consented participants' medical records and their most recent Resident Assessment Instrument Minimum Data Set (MDS), which is required for most residents in US NHs. The MDS is a multidomain assessment tool that is completed on admission and at quarterly intervals for residents in Medicare and Medicaid accredited NHs. During the study, the MDS was updated from 2.0 to version 3.0. However, this did not affect the majority of extracted items of interest.
Braden scale risk assessment scores
Research staff assessed participants' risk for PU development initially and each subsequent month using the Braden Scale for Predicting Pressure Sore Risk (Braden Scale). The Braden Scale is composed of six subscales-sensory perception, moisture, activity, mobility, nutrition, and friction and shear-which are summed for a total score ranging from 6 to 23, with lower scores indicating higher risk for PU development. 34 Spearman correlation coefficient was used to evaluate reliability of the Braden Scale because of the ordinal nature of the measurement and the small range of observed values (60% fell within a range of [13] [14] [15] [16] [17] [18] . Of 464 randomly assigned reliability assessments over the 16 weeks, the total score correlation was 0.81 for initial baseline visits and 0.77 for monthly visits.
Skin tone assessment
Research staff assessed skin tone using the Munsell System of Color Notation (Munsell chart), which provides a more objective assessment of skin tone. Details of the protocol are presented elsewhere. 35 Measurements were obtained prior to visual skin assessments after ensuring no presence of feces or urine (for buttocks assessment), ointments or skin creams and in locations without scar tissue. Munsell values of the buttocks at baseline was used to define skin tone categories: light skin tones (values 7-8); medium skin tones (values 5-6), and dark skin tones (values 2.5-4).
Visual skin assessment
Through direct independent visual assessments each week, trained research staff assessed skin health of seven anatomic locations: sacral, right and left buttocks, ischial tuberosities, and heels. This paper reports data on the three trunk locations only. Participants were positioned in bed on their right side (unless unable to turn to the right), undergarments removed, and incontinence care provided as needed. Anatomic locations were observed 5 minutes after turning/repositioning in the following order: sacral, right and left buttocks, ischial tuberosities, and heels. Areas of visual skin discoloration were palpated for blanchability and PUs were assessed using the Bates-Jensen Wound Assessment Tool. 35, 36 Following visual skin assessment, a second assessor blinded to the visual skin assessment obtained SEM measures of each location in the same order as the visual assessment.
Visual skin assessment training emphasized stage 1 PUs and DTI because these conditions may be difficult to detect. [21] [22] [23] [24] Erythema was graded as minimal, moderate, or severe discoloration, where minimal was defined as pink or slight redness to the skin, moderate as bright redness in lightly pigmented skin and purple in darkly pigmented skin, and severe as dark red to purple in lightly pigmented skin and black to blue-gray colors in darkly pigmented skin. In persons with light skin tones, blanching was defined as blanchable vs. nonblanchable based on finger palpation. Erythema was defined as moderate skin discoloration (bright redness in light skin tones and purple in dark skin tones), with blanching (blanching not considered for dark skin tones). DTI was defined as severe skin discoloration (purple or maroon in light skin tones and black to blue-grey in dark skin tones) with or without blanching. Stage 1 PUs were defined as moderate skin discoloration (all skin tones), with nonblanching (nondark skin tones). PUs more severe than Stage 1 were classified using the NPUAP's 2009 system (which is similar to the 2016 classifications). 37 For skin that demonstrated none of the above visual characteristics, the assessment was considered normal skin. The presence or absence of urine or fecal incontinence, and ointments or creams, was also recorded.
Two observers obtained duplicate visual skin assessments independently recording findings with assessments 5-10 minutes apart at randomly selected observation visits. Paired observers were blinded to each others' ratings. Agreement of the visual skin assessment was calculated on 2,124 pairs of observations with 96% agreement overall (Kappa 5 0.72). Reliability coefficients were examined also for specific anatomic locations across all skin conditions, with Spearman rho correlations ranging from 0.69 to 0.84 (n 5 2,124 observations). 
Subepidermal moisture measures
Concurrent with visual assessments, SEM was measured weekly at each of the anatomic locations on clean dry skin using the Delfin MoistureMeter D (Delfin Technologies, LTD, Greenwich, CT) dermal phase meter ( Figure 2 ). The device detects and measures water below the stratum corneum (the uppermost layer of skin and the most influenced by outside surface moisture). While the stratum corneum of the epidermis is influenced by environmental moisture, the lower epidermal and dermal layers contain water generated from within the tissues and are not as affected by environmental moisture. Thus, the depth of measurement allows for evaluation of subepidermal moisture without significant interference by surface moisture such as occurs with incontinence. Using dielectric parameters, high-frequency low power electromagnetic waves of 300 MHz are transmitted via a coaxial, line which terminates in an open-ended coaxial wand that is manually placed on the skin. In the skin, the induced electrical field interacts mainly with water molecules closest to the wand with depth of interaction depending on the diameter of the circular electrode on the wand (in this study at a depth of 2.5 mm). 38, 39 The portion of the electromagnetic energy that is not absorbed by tissue water is reflected and measured by the same wand as used for wave transmission. From the properties of the reflected wave the dielectric properties of the site are determined and displayed in the measuring unit. Among dielectric properties, a dielectric constant is calculated and is directly proportional to the free and bound water (total water) in the skin and tissues. 38 SEM values are displayed in relative dielectric constant units. The tissue dielectric constant (TDC) is directly proportional to the amount of water in the tissue and increases with increasing water content and edema. At around 300 MHz, the electrical properties of free and bound water are nearly identical and thus, the measure is reflective of total water content in the tissue. 39 Pure water has a dielectric constant of 78.5, the dielectric constant of air is 1, and normal skin is approximately 40. [38] [39] [40] The MoistureMeter D demonstrates a coefficient of variation of only 2.8% (readings every 5 seconds for 600 seconds). 41 Goretsky et al. used SEM measures to compare healing of split-thickness autografts to cultured skin substitutes in five patients with paired site comparisons. They showed that SEM values decreased as sites healed and epidermis matured. 42 SEM values approached levels seen for uninjured skin by 12 days. 42 Mayrovitz et al. have demonstrated that tissue dielectric constant measured at 300 MHz as with the MoistureMeter D is useful to evaluate local tissue water and its change among healthy men and women of all ages, 43 women with breast cancer awaiting surgery 44 and with post breast cancer lymphedema, 41 persons with and without diabetes mellitus 45 and it is only marginally responsive to changes in skin blood volume. 46 The handheld wand was used to take readings at each location, which were identified using an anatomical map with 4 cm diameter circular cut outs for each bony prominence. Readings were taken by placing the wand in the circular cut out on the skin surface for 5 seconds to measure the TDC value of the skin (range 0-70; higher values indicate more edema present). Values were automatically stored on the hand-held computer connected to the wand and transcribed at the conclusion of the observation visit.
Observations were blinded, with different observers conducting SEM measures and visual assessments. SEM was measured after a participant's adult pad and clothing were removed, the visual assessments were completed, and any incontinence care was provided (e.g., skin cleansed and patted dry). SEM was evaluated for reliability using Pearson product correlation coefficient. The overall mean SEM reliability for all skin conditions and all locations was r 5 0.92. However, reliability by specific skin condition ranged from r 5 0.52 to 0.73 for normal skin (n 5 1,296-1,691 paired readings), from r 5 0.45 to 0.71 for erythema (n 5 50-324 paired readings), and from r 5 0.60 to 0.93 for stage 1 PU (n 5 10-36 paired readings).
Statistical analysis
To assess the relationship between visual assessment and SEM, techniques were used that allowed for clustered repeated measures, as an observation was defined by week and anatomic location. Data were analyzed using observation as the unit of analyses with generalized multinomial logistic modeling. [47] [48] [49] [50] [51] Stata version 13 allows for this (a subset of generalized estimating equations), including effects for participant and measurement period (included in all models) to account for the correlated nature of the data. 48 While the analysis technique is complex, the conceptual approach is straightforward. The primary aim of the study involved longitudinal analysis of skin damage, so participants with less than 3 weeks of observations are excluded from the analysis dataset. Of the 490 enrolled in the study, 417 participants had at least 3 weeks of data. Most participants had 14 or more weeks of data (N 5 297); 38 participants had 11-13 weeks of data and 82 had 3-10 weeks of data. Of the participants with 13 or more weeks (N 5 320), 137 (43%) had normal skin on all trunk locations for the study duration.
PU incidence was calculated as the number of participants who developed erythema or PUs divided by the total number of participants assessed and followed at least three sequential weeks (n 5 417). Incidence was calculated within anatomic locations, by skin outcome (erythema/ stage 1, stages 2-4 PU, and DTI), by ethnicity/racial groups, and by Munsell skin color groups.
Initial bivariate relationships of visual skin assessment outcome (normal, erythema, stage 1 PU) were examined with all covariates of interest: Braden Score, local skin characteristics (presence of edema, scarring, sweat, urinary, and fecal incontinence), functional status, age, medical comorbidities (presence of diabetes mellitus, coronary artery disease, hypertension, heart failure, peripheral vascular disease, cancer) and body mass index. Braden Score and age were modeled as continuous variables. Functional status was examined by creating a dichotomous variable combining MDS transfer, mobility, and urinary incontinence scores where "functional" was defined as at least one of these MDS items with a score less than 3. Relationships were examined for each trunk site separately.
The relationship of visual skin assessment and SEM at the same time (concurrent) was conducted with only erythema and stage 1 skin outcomes, adjusted for covariates identified in the bivariate analyses.
(Once an open ulcer exists there is no need for detection regardless of skin discoloration). To determine if SEM from the prior week was associated with visual skin damage the next week the outcome was a three level variable with normal skin/erythema, stage 1 PU, and stage 2 and greater PU. In all analyses, model assumptions were tested and models modified for any violations. Goodness of fit using McFadden R 2 and Negelkerke R 2 was assessed and Bayesian Information Criterion was used to compare models and to determine the best model fit. 36, 52 Findings for the adjusted models were similar or stronger than for the unadjusted models, so results from only the adjusted models are presented here to ease presentation.
Finally, we examined potential threshold values for defining damage and indicating need for intervention. Beginning threshold values were based on our prior study and refined using the probabilities generated with the models of subsequent damage.
RESULTS
Longitudinal skin health and SEM measures were obtained from 417 participants and are reported in this paper (Figure 1 ). Participants were older (mean age of 76.5 standard deviation (SD) 14.8 years) and 58% were female ( Table 1 ). The majority of participants were ethnic minorities: 29% African American, 12% Asian American, and 21% Hispanic. About two-thirds of the participants had light skin tone (61%). Participants were at risk for PUs, with a mean Braden Scale score of 15.6 (SD 3.2), and were functionally dependent, with 25% of participants totally dependent for bed mobility, and 43% requiring extensive assistance with bed mobility. Participant mean length of stay was 1.6 years (25% of participants were newly admitted during study).
During the study period, 41% of participants (n 5 173) had no skin damage at any trunk site. Only one DTI was identified on the sacrum or other trunk areas among the 417 participants over the 16 weeks. Thus, we were not able to evaluate the relationship between DTI and SEM at the trunk locations. Incidence of erythema and all PU stages over the 16 weeks was 52%. Incidence of PU (all stages) was 46%, with 21% incidence of stage 2 or greater PUs and 33% of stage 1 PU (some participants developed both types). There were marked differences in incidence by ethnicity, with Asian Americans and Caucasians demonstrating higher rates of erythema and Stage 1 PUs than Hispanics and African Americans (Figure 3) . When examined by skin tone, these differential rates are even more striking.
SEM was the same for all three anatomic sites for those participants with no damage at the site over the 16 weeks of the study (mean 37 TDC, and SD 7.5 (sacral), 6.8 (right ischial), and 7.2 (left ischial)). SEM was lowest for normal skin (37.1 TDC), and significantly higher for erythema (38.4 Mean SEM for participants with normal sacral skin on all observations were similar across Munsell skin tone groups: and 37 TDC (SD 7.7) for those with light skin tones, 38 TDC (SD 7.4) for those with medium skin tones, and 37 TDC (SD 7.3) for those with dark skin tones. This was also true for ischial anatomic sites (data not shown).
Bivariate relationships between visual skin damage and covariates of interest
Bivariate analyses were examined for each anatomic location with visual skin assessment as the outcome (normal skin, erythema, stage 1 PU). Using a lenient a priori significance level (p 5 0.10), the covariates significantly related to visual skin assessment for trunk locations included age, Braden score and functional status. Functional status and Braden score were highly correlated (r 5 0.79, p < 0.001) and functional status was not significant in early models for the sacral site. Thus, only age and Braden score were used as covariates of the sacral site. For the ischial sites, age, and functional status were used as covariates as the correlation of outcomes with Braden score was not as strong (r 5 20.48, p < 0.001).
Relationship between SEM and concurrent visual skin damage
Findings demonstrated the potential for SEM as a method of detecting pressure-induced tissue damage (Table 3) . Analyses were conducted with concurrent damage as the outcome among those participants with light and medium skin tones as visual assessment is less valid in those with dark skin tones. For the sacral site, age was not significant for erythema or stage 1 PU and Braden scale was significant for erythema only (RRR 5 0.901, CI 0.839-0.969). Similar results were found for right and left ischial sites with no covariates significant (Table 3) .
Relationship between SEM and future visual skin damage
The predictive value of SEM was examined using SEM 1 week prior to visualized skin damage among participants with light and medium skin tones. Adjusting for Braden Score and age, SEM was significant for predicting stage 2 or greater PUs (Table 3) . None of the predictors were To evaluate the potential clinical value of the thresholds, we classified observations as "clinically actionable," referring to whether facility staff should begin preventive care. For SEM, thresholds of 39 TDC and 43 TDC were evaluated. To compare with clinical practice, visual skin assessment of erythema was defined as clinically actionable (higher levels of damage trigger direct treatment protocols, rather than preventive care). These classifications were each then compared with the visual skin damage observed the next week. Using SEM thresholds, the percent of observations with erythema, stage 1 PU, or stage 2 and greater PU the next week was 41% (SEM 5 39 TDC) and 27% (SEM 5 43 TDC). Using visual threshold, only 23% of observations the next week displayed damage. Thus, SEM may provide a better trigger for preventive care. 
DISCUSSION
In this multiethnic sample of NH residents at risk for PU, we found a relationship between higher SEM, a biophysical measure, and the current gold standard of visual skin assessment for pressure injury damage at truncal locations. The relationship existed when examining concurrent and future visually observed skin damage. These findings validate our prior studies using a different device to measure SEM. [30] [31] [32] [33] As in this study, we previously found that higher SEM was associated with increased risk of future (1 week) PU development among NH residents. 25, 30 We examined several potential SEM threshold values and showed SEM as a possible alternative to visual assessment. SEM values increase as the level of skin damage increases, with significantly higher values for erythema, stage 1 PU, and stage 2 and greater PU compared to normal skin. Our earlier work with NH residents and the same technology but a different device showed a similar pattern and showed the relationship existed in both observations with and without incontinence present. 25, 30 This is important because an alternate reason for tissue edema in this population could be incontinence-associated dermatitis (IAD). In this study, only three participants were identified with IAD (all cases confirmed by certified wound care nurse), although the level of urinary incontinence is similar to other NH studies. We found no difference in SEM values on normal skin for those participants identified as urinary incontinent on the MDS compared to participants identified as continent on the MDS nor for those who were urinary incontinent at the time of assessment compared to no incontinence at the assessment time. Previous research with persons with spinal cord injury also found a significant difference in SEM in normal skin compared to erythema and/or stage 1 PU damage. 33 In our work with spinal cord injury, we found that persons with generalized edema exhibited SEM values that were higher than those obtained in persons without generalized edema but the overall pattern of elevated SEM values prior to observed PU damage remained similar in those with generalized edema. 33 In this study, no participants had anasarca and 14 participants (3%) exhibited generalized edema, 10 of whom showed normal skin on all trunk locations during the study and four presented with PU damage (one stage 2 PU on sacrum, one stage 2 PU on right ischial, and two stage 1 PU on left ischial). We also looked at heart failure and dialysis as potential causes of tissue edema. Only four participants were receiving dialysis thus we were unable to examine this factor. Fifty-six (13%) participants had a medical diagnosis of heart failure noted on their MDS 3.0 assessment or listed as a primary medical diagnosis on the medical record admission form. Of those with a diagnosis of heart failure, 16 (28%) exhibited stage 1 or greater PU damage during the study and the remainder showed normal skin at the trunk locations. SEM values were significantly higher on normal skin for those without heart failure (mean SEM 43.6 TDC, SD 8.9) compared to those with heart failure (mean SEM 43.6 TDC, SD 8.9 vs. mean SEM 39.9 TDC, SD 7.8; t 5 4.68, p 0.001) possibly due to treatment of the heart failure or another unidentified factor. Thus, in this study, alternative conditions that may cause tissue edema including: IAD, incontinence, generalized edema, dialysis, or heart failure are not likely factors in the results.
Other investigators have found significant differences between normal skin and areas with pressure injury damage. 53, 54 Ching et al. examined 15 male patients with stage 1 or 2 sacral pressure ulcers and found lower SEM values near the PU (within 1 cm) compared to values obtained away from the PU (5 cm from PU edge). 54 In contrast, our results showed higher values for erythema, stage 1 PU and stage 2 and greater PU compared to normal skin. Ching et al. used a four electrode configuration and computed multiple electrical capacitance measures including the real part of impedance (R), imaginary part of impedance (X), extracellular resistance (R(e)), and the ratio of extracellular resistance to intracellular resistance (R(e)/R(i)) and found all to be significantly smaller near the pressure injury compared to away from the pressure injury. The difference in instrumentation may account for the different findings in this study. Further, all subjects in the Ching et al. study had existing pressure damage and there may temporal effects related to surface electrical capacitance measures and tissue damage. Harrow and Mayrovitz 53 examined SEM in relationship to existing sacral stages 3 and 4 PUs among persons with spinal cord injury and found SEM was significantly higher at PU sites compared to normal skin control sites. Our SEM results for normal skin at the sacral site (37 TDC) are lower than the SEM values they found at the control sites (47 TDC) . This may be due to anatomic variation as the control sites in the Harrow and Mayrovitz study were well above the sacrum; SEM values in this study were obtained directly over the sacral bone. Similar to the results of this study, Harrow and Mayrovitz found higher SEM values for PU sites compared to control normal skin sites (mean 51.1 TDC, SD 8.2 vs. 46.9 TDC, SD 7.7; p < 0.05) although the SEM values they found were greater than those found in the present study. In contrast to the present study findings, Harrow and Mayrovitz found SEM differences by anatomic site, with sacral SEM values significantly higher than ischial SEM values at normal skin control sites (51. 4 TDC vs. 41.1 TDC, p < 0.005). We did not find a significant difference between sacral and ischial sites (both 37 TDC). The difference in findings may reflect differences in the population under investigation as Harrow and Mayrovitz examined persons with spinal cord injury with existing stage 3, 4 PUs and the present study looked at frail NH residents.
The variety in skin tones, ethnicities, and facilities represented in the present study is notable. This allowed for group comparisons. Mean SEM values were similar for each level of visual skin damage (normal, erythema, stage 1 PU, stage 2, and greater PU) across skin tone groups and ethnicity groups. This suggests that SEM is distributed similarly across diverse populations and is not biased by current best practice, in which visually observing for skin discoloration among persons with dark skin tones as an indicator of tissue damage is not reliable and very difficult.
In contrast to our earlier studies, the observation period for this study was only 16 weeks. While significant power was gained through the repeated skin assessments of multiple anatomic locations, the period may have been too brief to capture enough incident damage to evaluate the predictive power of SEM among some groups. It may be that an observation period of 6 months is a more robust design for such studies. Further, it is surprising that only one DTI was observed in a truncal location in this rich sample of NH residents at risk for PU development and with variable NH lengths of stay. The lack of DTI at the sacral or ischial sites suggests there may be health care setting differences in this type of pressure induced tissue damage at these locations.
Over the 3 years of skin observations, the technology for detecting SEM significantly improved. The device used for this study was not specifically designed for highvolume use in health settings. The high variance associated with the SEM readings may indicate that the device was not robust enough. Recent studies using devices designed specifically for the type of skin assessments discussed here have demonstrated greater interrater and interdevice reliability and show great promise for use in clinical settings. 55 In addition, all skin assessments were completed by trained research staff. Before SEM measures can be used more widely in clinical practice, it is important to evaluate the use of technology by facility staff.
Ambient conditions (room temperature or humidity) were not evaluated for device variation in this study. Conceptually, the measurement should not be influenced by such factors. All assessments were done in residents' rooms; anecdotally this resulted in little variation for room temperature or humidity. In addition, we analyzed SEM data for seasonal patterns and found none (data not shown).
We were interested in whether residents' chronic conditions influenced measurement, particularly for those who had conditions that may lead to increased inflammation. Again, we found no significant differences by anatomic condition as defined by MDS (diabetes, heart failure). However, as the conversion from MDS 2.0 to 3.0 was done during our study, we do not have MDS 3.0 measures of such conditions on all residents. However, we are interested in localized inflammation, as this indicates the process we are working to measure, so more work is needed to determine if certain conditions contribute to greater localized inflammation.
Analyses did not incorporate information about preventive care measures. It may be that some subclinical prestage 1 pressure injury skin damage was quickly and appropriately treated, halting the progression of damage during the 7 days between skin assessments, decreasing the power to detect damage the next week. This seems unlikely, as a range of skin damage was detected during the study. Also, the pathophysiology of pressure ulcers indicates a wide range in progression rates that are due to multiple factors, not just preventive care measures. 25, 26 The findings from this study related to the relationship between SEM and pressure injury damage may be helpful in light of the ongoing debate about the descriptors, inclusion, and reliable assessment of erythema and stage 1 PUs. [45] [46] [47] [48] [49] [50] [51] [53] [54] [55] [56] [57] [58] SEM stands to contribute to these concerns. There is wide variability and conflicting reports of reliability of PU detection and staging. [21] [22] [23] [24] [56] [57] [58] [59] [60] [61] The use of a biophysical measure that more accurately detects pressure injury damage would allow evaluation of the natural history of the condition and begin to address concerns about the clinical significance of early pressure injury damage.
For clinicians, a more reliable, objective method of triggering preventive action has great value. In this study, we demonstrated how an SEM threshold value could be defined and may be superior to visual assessment for initiating clinical action. Many preventive measures are simple to implement and the costs of erring toward over-treatment are low, given the high costs of treating fully developed PUs. A method of detecting early skin damage that is objective and equally valid for all groups of patients has the potential to transform skin care among populations of patients at high risk for such complications.
